COLOR CHARACTERISTIC DESCRIPTION APPARATUS, COLOR MANAGEMENT 
APPARATUS , IMAGE CONVERSION APPARATUS AND COLOR CORRECTION 
METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a color characteristic 
description apparatus for use in a system for handling images, 
a color management apparatus and an image converting apparatus 
to which the color characteristic description apparatus is 
applied and a color correction method. 

2. Description of the Related Art 

Fig. 29 shows one of tag types which are elements of a 
profile for describing a color characteristic disclosed in, for 
example, "ICC Profile Format Specification, Version 3.3, 
November 11, 1996 , International Color Consortium" . Referring 
to Fig. 31, bytes 0 to 3 are identifiers, 4 to 7 are reserved 
bytes, 8 is the number of input channels, 9 is the number of 
output channels, 10 is the number of grid points in 
multidimensional lookup table to be described later, 11 is a 
reserved byte for padding, 12 to 15, 16 to 19, 20 to 23, 24 to 
27, 28 to 31, 32 to 35, 36 to 39, 40 to 43 and 44 to 47 are 
encoded parameters eij(i,j=0to2),48tom are input one- 
dimensional tables, m + 1 to n are n-dimensional m bytes (n is 
the number of input channels and m is the number of output 
channels) . The above-mentioned table is also called a 
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multidimensional lookup table. Note that n + 1 to o is an 
output one-dimensional lookup table. 

A process for converting a supplied image signal into 
an output image signal by using data shown in Fig* 29 is shown 
in Fig. 30. Referring to the drawing, CI shows a conventional 
process for converting an image signal. A supplied image 
signal is first subjected to a process Cll using a matrix. The 
matrix is described with parameter eij (i, j = 0 to 2) of tag 
types 12 to 15, 16 to 19, 20 to 23, 24 to 27, 28 to 31, 32 to 
35, 36 to 39, 40 to 43 and 44 to 47. The calculation is 
performed in accordance with Equation 1 on an assumption that 
a supplied image signal is [X, Y, Z]: 
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In the foregoing formula, [X f , Y', Z'] is a value of 
the signal converted into the matrix. Note that the process 
using the matrix is performed only when the color space of the 
supplied image signal is XYZ color space. 

Then, a process C12 using an input one-dimensional 
lookup table is performed. The input one-dimensional lookup 
table is composed of data written in 4 8 byte to m byte of a tag 
type. One-byte data corresponding to input signal 0 to 255, 
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that is, 256-byte data is used as data for one channel. The 
input one-dimensional lookup table is composed of input channel 
data (256 x input channels). Assuming that an input signal is 
[A0 f BO, CO], a calculation is performed in accordance with 
Equation 2 . 

Al = /,(AO) 
Bl = gi(B0) 

Cl = Ai(C0) ... (2) 

In the foregoing equation, [Al, Bl, CI] is a value of 
the signal subjected to the process using the input one- 
dimensional lookup table. Moreover, fl, gl and hi are 
functions indicated by the input one-dimensional lookup table 
for each channel. 

Then, a process C13 using a multidimensional lookup 
table is performed. The multidimensional lookup table is 
composed of data written in m + 1 to n bytes of the tag type. 
In an example case of a three-dimensional input and three- 
dimensional output multidimensional lookup table, a value 
[A2, B2, C2] (three bytes) of a signal obtained by subjecting 
an input signal [Al, Bl, CI] (three byte) to the process using 
the multidimensional lookup table is composed of data for the 
number of input signals corresponding to grid points of the 
multidimensional lookup table. The byte size of the 
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multidimensional lookup table is expressed by the following 
Equation 3 . 

Tables ize = Gr±dPoints l * putch * nnels * Output-Channels 

•••(3) 

In the foregoing equation, "Tablesize " is the size of 
the multidimensional lookup table, "GridPoints " is the number 
of grid points of the multidimensional lookup table, 
"InputChannels" is the number of input channels and 
"OutputChannels " is the number of output channels. 

The process using the multidimensional lookup table is 
performed as follows. Assuming that the input signal is 
[Al, Bl, CI], a value of the processed signal is [A2, b2, C2] 
and the process using the multidimensional lookup table is 
expressed by F, a calculation is performed in accordance with 
Equation 4 . The foregoing process is characterized in that 
combined data [Al, Bl, CI] of the input signals for three 
channels is performed. 

[A2, B2, C2] = F ([Al Bl CI]) (4) 

Then, a process C14 using an output one-dimensional 
lookup table is performed. The input one-dimensional lookup 
table is composed of data written on n + 1 byte to o byte of 
the tag type. Similarly to the input one-dimensional lookup 
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table, the output one-dimensional lookup table is composed of 
one-byte data corresponding to 0 to 255 of the input signal, 
that is, the input one-dimensional lookup table is composed of 
data of input channels (256 x input channels) on an assumption 
that 256-byte data is data for one channel. Assuming that an 
input signal is [A2, B2, C2], a calculation is performed in 
accordance with Equation 5 . 

A3=:f 2 (A2) 
B3=g 2 (B2) 

C3 = ^(C2) _ (5} 

In the foregoing equation, [A3, B3, C3] is a value of 
the signal subjected to the process using the output one- 
dimensional lookup table and f2, g2 and h2 are functions 
indicated by the output one-dimensional lookup table for each 
channel . 

The conventional tag type which is an element of a 
profile for describing the color characteristic disclosed in 
"ICC Profile Format Specification, Version 3.3, November 11, 
1996, international Color Consortium" has been described as 
described above. Moreover, the signals have been processed as 
described above in accordance with described data. Therefore, 
the profile of a color device having a complicated color 
characteristic has a problem in that the size of the 
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multidimensional lookup table is enlarged excessively. For 
example , the size of a three-dimensional input and four- 
dimensional output multidimensional lookup table having 65 grid 
points is 1,098,500 bytes t which is about one megabyte which is 
calculated in accordance with above-mentioned Equation (3). 
What is worse, the multidimensional lookup table of the above- 
mentioned type cannot satisfactorily describe the color 
characteristic of the actual color device. If the table having 
the above-mentioned size is added to image data which is 
handled by the color device , the quantity of data corresponding 
to the above-mentioned volume is enlarged. In the foregoing 
case, communication cost is enlarged excessively when image 
data is communicated through a communication line or the like. 

SUMMARY QF THE INVENTION 
To overcome the above-mentioned problem, an object of 
the present invention is to provide a method of obtaining 
precise color characteristic data without enlargement of the 
quantity of color characteristic data, a color characteristic 
description method and an apparatus to which the methods are 
applied . 

A color characteristic description apparatus according 
to a first aspect of the present invention for producing color 
characteristic data for use when supplied image data is 
converted into output image data, comprises: a lookup table of 
color characteristic data, wherein the lookup table is composed 
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of only characteristic points which indicate the relationship 
between supplied image signals and output image signals which 
are determined to be impossible to be developed in a table 
development process which is performed when the lookup table is 
developed into a multidimensional lookup table. 

A color characteristic description apparatus according 
to the second aspect of the present invention has a structure 
that the lookup table composed of the characteristic points is 
described such that fundamental colors composed of primary 
colors of a color device having the same signal values serve as 
the characteristic points. 

A color characteristic description apparatus according 
to a third aspect of the present invention has a structure that 
color characteristic data which is produced by the color 
characteristic description apparatus contains, in addition to 
the lookup table, an identifier for identifying a table 
development method which is employed when the lookup table is 
developed into the multidimensional lookup table. 

A color characteristic description apparatus according 
to a fourth aspect of the present invention has a structure 
that color characteristic data which is produced by the color 
characteristic description apparatus contains, in addition to 
the lookup table, software for performing a table development 
process . 

A color characteristic description apparatus according 
to a fifth aspect of the present invention has a structure that 
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color characteristic data which is produced by the color 
characteristic description apparatus further contains 
identifiers for identifying a table development method and 
software for converting data developed into the table into an 
ICC profile. 

A color characteristic description apparatus according 
to a sixth aspect of the present invention for producing color 
characteristic data for use when supplied image data is 
converted into output image data, comprises: a 
multidimensional lookup table which is produced by the color 
characteristic description apparatus , wherein color 
characteristic data which is produced by the color 
characteristic description apparatus incorporates data obtained 
by compressing the multidimensional lookup table and an 
identifier for identifying a restoring method for restoring the 
compressed multidimensional lookup table. 

A color characteristic description apparatus according 
to a seventh aspect of the present invention for producing 
color characteristic data for use when supplied image data is 
converted into output image data, comprises: a 
multidimensional lookup table which is produced by the color 
characteristic description apparatus, wherein color 
characteristic data which is produced by the color 
characteristic description apparatus incorporates data obtained 
by compressing the multidimensional lookup table and software 
for restoring compressed data. 
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A color management apparatus according to an eighth 
aspect of the present invention has a structure that color 
characteristic data which is produced by the color 
characteristic description apparatus further incorporates an 
identifier for identifying a restoring method for restoring 
compressed data and software for converting the restored 
multidimensional lookup table into an ICC profile. 

A color management apparatus according to a ninth 
aspect of the present invention for converting supplied image 
data by using a lookup table of color characteristic data into 
output image data, the color management apparatus comprises: 
a lookup table which is composed of characteristic points which 
are points indicating the relationship between supplied image 
data and output image data which are determined to be 
impossible to be interpolated when a process for converting 
image data is performed; and image data converting means for 
converting supplied image data by using the lookup table 
composed of the characteristic points into output image data. 

A color management apparatus according to a tenth 
aspect of the present invention further comprises table 
development means for developing the lookup table into the 
multidimensional lookup table, wherein the image data 
converting means uses the multidimensional lookup table 
developed by the table development means to convert supplied 
image data into output image data. 
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A color management apparatus according to an eleventh 
aspect of the present invention has a structure that the table 
development means develops the lookup table into the 
multidimensional lookup table in such a manner that all of 
characteristic points of the lookup table composed of the 
characteristic points are contained. 

A color management apparatus according to a twelfth 
aspect of the present invention has a structure that the table 
development means develops the lookup table into the 
multidimensional lookup table such that data corresponding to 
grid points of the multidimensional lookup table is composed of 
output data of the lookup table and data of information of 
adjacent grid points for interpolating a portion between grid 
points . 

A color management apparatus according to a thirteenth 
aspect of the present invention has a structure that the 
multidimensional lookup table is a compressed multidimensional 
lookup table formed by compressing the multidimensional lookup 
table f restoring means is provided which restores the 
compressed multidimensional lookup table into the 
multidimensional lookup table , and the image data converting 
means causes the restoring means to restore the compressed 
multidimensional lookup table and uses obtained 
multidimensional lookup table to convert supplied image data 
into output image data. 
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A color management apparatus according to a fourteenth 
aspect of the present Invention further comprises: table 
recording means for recording the multidimensional lookup table 
developed by the table development means in a memory; and 
updating means for operating the table development means and 
the table recording means when the lookup table composed of the 
characteristic points has been updated to update the 
multidimensional lookup table and rewrite the updated 
multidimensional lookup table on the memory , wherein the image 
data converting means uses the multidimensional lookup table 
recorded in the memory to convert supplied image data into 
output image data . 

A color management apparatus according to a fifteenth 
aspect of the present invention comprises: image data 
converging means which uses a lookup table of color 
characteristic data produced by a characteristic description 
apparatus to convert supplied image data into output image data 
and which has a structure that the lookup table is composed of 
characteristic points which are points indicating the 
relationship between supplied image data and output image data 
which are determined to be impossible to be interpolated when 
the image data converting means performed an Image data 
converting process; and a storage portion for storing a 
plurality of color characteristic data Items having different 
color characteristics , wherein color characteristic data is 
selected in accordance with the characteristic of image data 
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and selected color characteristic data is used by the color 
management apparatus to convert supplied image data into output 
image data . 

A color correction method according to a sixteenth 
aspect of the present invention and structured such that a 
multidimensional lookup table is used to convert a supplied 
image signal into an output image signal, the color correction 
method comprising the steps of: producing a lookup table 
composed of characteristic points which are points indicating 
the relationship between input color image signals and output 
color image signals which are determined to be impossible to be 
developed in a table development process; performing table 
development process such that the lookup table composed of the 
characteristic points is developed into a multidimensional 
lookup table; and converting supplied image signal into an 
output image signal by using the multidimensional lookup table 
obtained by developing the lookup table composed of the 
characteristic points . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig, 1 is a block diagram showing the overall structure 

according to a first embodiment of the present invention. 

Fig, 2 is a diagram showing a lookup table according to 

the first embodiment of the present invention. 
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Fig* 3 is a diagram showing grid points of the lookup 
table according to the first embodiment of the present 
invention. 

Figs. 4A to 4F are diagrams showing a lookup table 
composed of only characteristic points according to the first 
embodiment of the present invention. 

Figs. 5A and 5B are diagrams showing a table 
development process according to the first embodiment of the 
present invention . 

Fig. 6 is a diagram showing the structure of color 
characteristic data according to the first embodiment of the 
present invention . 

Fig. 7 is a diagram showing the structure of an image 
data format according to the first embodiment of the present 
invention . 

Fig. 8 is a diagram showing the structure of color 
characteristic data according to a second embodiment of the 
present invention . 

Fig. 9 is a diagram showing the structure of color 
characteristic data according to a third embodiment of the 
present invention . 

Fig. 10 is a block diagram showing a color management 
apparatus according to a fourth embodiment of the present 
invention. 
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Fig- 11 is a diagram showing image data conversion 
process according to the fourth embodiment of the present 
invention . 

Fig. 12 is a block diagram showing a color management 
apparatus according to a fifth embodiment of the present 
invention . 

Fig. 13 is a diagram showing grid points of a lookup 
table according to a fifth embodiment of the present invention. 

Fig. 14 is a diagram showing an image data converting 
process according to the fifth embodiment of the present 
invention . 

Figs. 15A and 15B are diagrams showing the structure of 
a multidimensional LUT data format according to the fifth 
embodiment of the present invention. 

Fig. 1G is a block diagram showing the overall body 
according to a sixth embodiment of the present invention. 

Fig. 17 is a diagram showing the structure of color 
characteristic data according to the sixth embodiment. 

Fig. 18 is a diagram showing the structure of color 
characteristic data according to a seventh embodiment of the 
present invention . 

Fig. 19 is a diagram showing the structure of color 
characteristic data according to an eighth embodiment of the 
present invention . 
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Fig. 2 0 is a block diagram showing a color management 
apparatus according to a ninth embodiment of the present 
invention . 

Fig, 21 is a graph showing the color characteristic of 
a color device according to a tenth embodiment of the present 
invention. 

Figs. 22A to 22C are diagrams showing fundamental 
colors according to the tenth embodiment of the present 
invention. 

Fig. 2 3 is a block diagram showing a color management 
apparatus according to an eleventh embodiment of the present 
invention . 

Fig. 24 is a diagram showing the structure of color 
characteristic data according to the eleventh embodiment of the 
present invention . 

Fig. 25 is a block diagram showing a color management 
apparatus according to a twelfth embodiment of the present 
invention . 

Fig. 26 is a diagram showing the structure of color 
characteristic data according to the twelfth embodiment of the 
present invention . 

Fig. 27 is a flow chart of data in an image converting 
apparatus according to a thirteenth embodiment of the present 
invention . 
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Fig. 2 8 is a flow chart of data in an image converting 
apparatus according to a fourteenth embodiment of the present 
invention. 

Fig. 2 9 is a diagram showing a tag type of a 
conventional apparatus . 

Fig. 30 is a diagram showing a process for converting 
image data in the conventional apparatus . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, a description will be given in more detail of 
preferred embodiments of invention with reference to the 
accompanying drawings , 
(First Embodiment) 

A first embodiment of the present invention will now be 
described. Fig. 1 is a block diagram showing the overall 
structure of a first embodiment of the present invention. 
Reference numeral 1 represents a digital camera which is an 
image input apparatus (a color device) . Reference numeral 2 
represents a color characteristic description apparatus for 
producing color characteristic data structured as shown in Fig. 
6 and incorporating a lookup table (hereinafter called a "LUT" ) 
composed of characteristic points adapted to the color 
characteristic of the digital camera which has been measured by 
a colorimeter and an identifier indicating a table development 
method. Reference numeral 3 represents a data processing means 
for converting an image photographed by the digital camera into 
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digital image data signal. Reference numeral 4 represents a 
synthesizer for synthesizing color characteristic data and the 
image data signal into an image data format. The color 
characteristic of the digital camera may be examined in a real 
time manner when the data processing means 3 converts the 
photographed image into the digital image data signal. 

Reference numeral 10 represents a color printer for 
printing the image photographed by the digital camera 1. 
Reference numeral 11 represents- a separator for separating the 
image data format transmitted from the digital camera 1 into an 
image data signal and color characteristic data. Reference 
numeral 12 represents a LUT of color characteristic data. 
Reference numeral 13 represents a table development means. 
Reference numeral 14 represents a multidimensional LUT 
developed by the table development means. Reference numeral 15 
represents an image-data converting means using the 
multidimensional LUT 14 to convert input image data separated 
by the separator 11 into output image data. The separator 11 f 
the table development means 13, the multidimensional LUT 14 and 
the image-data converting means 15 constitute a color 
management apparatus 16 . 

A signal transmitted from the color management 
apparatus 16 is processed in the color printer 10 similarly to 
the conventional structure so that the signal is printed. 

The operation will now be described. The LUT is a 
table showing the relationship between certain input signals 
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(10, II, In) and output signals (00, 01, . .., Om) which 

must be transmitted, as shown in Fig, 2, where n and m are each 
an integer. As a matter of course, the foregoing LUT is a LUT 
only for describing the color characteristic of the color 
device . 

Fig. 2 shows a table for converting n-dimensional input 
into m-dimensional output. Although the relationship between 
all of the inputs and outputs may be described in the foregoing 
LUT, enlargement of the number- of combinations of the inputs 
and outputs must be prevented. In general, a LUT composed of 
a combination of inputs and outputs at grid points constituted 
by equally dividing the input side axis is employed in general. 

A LUT of the foregoing type composed of the pairs of an 
input and an output at each of the grid points formed by 
equally dividing the input side axis is generally called a 
multidimensional LUT 14. 

Fig. 3 shows an example of the multidimensional LUT 14 
in a case of one dimension. If nine input points exists, grid 
points having intervals of 2 are shown in example 1. Grid 
points having intervals of 4 are shown in example 2. The other 
dimensions are similar to the example of the one dimension. 

The number of pairs of inputs and outputs can be 
reduced as compared with the number of pairs of all of inputs 
and outputs. However, the multidimensional LUT 14 must 
incorporate a LUT composed of a large number of pairs of inputs 
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and outputs to improve the accuracy when the color 
characteristic of a color device is described. Therefore, the 
present invention incorporates the LUT 12 composed of the 
characteristic points. The LUT 12 composed of the 

characteristic points will now be described with reference to 
Figs . 4A tp 4F . 

Figs. 4A to 4F are graphs showing the relationship 
between one-dimensional inputs and outputs. In a case of the 
relationship between inputs and outputs shown in Fig. 4A, the 
relationship between inputs and outputs shown in Fig. 4A can be 
obtained if the relationship between inputs and outputs of a 
first point and a final point because a straight line can be 
determined when two points are given. A point indicating the 
relationship between the first point and the final point is 
called a characteristic point in the present invention. The 
characteristic points of the relationship between the input and 
output shown in Fig. 4A are expressed with a double line 
circles in Fig. 4B. In a case of the relationship between the 
inputs and outputs in the form of a broken line shown in Fig. 
4C, the characteristic points are points indicating the 
relationship between the first point and the final point and 
that between the input and output at each broken point as shown 
in Fig. 4D. In a further complicated relationship between 
inputs and outputs as shown in Fig. 4E, the characteristic 
points are the first and final points and points at each of 
which the curvature of the relationship between the inputs and 
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outputs is considerably changed. Fig, 4F shows characteristic 
points in Fig. 4E. The characteristic point are changed 
depending on the process which is performed by the table 
development means 13 which will be described below. In the 
present invention, points indicating the relationship between 
inputs and outputs which are determined to be impossible to be 
developed in a table development process are defined to be the 
characteristic points , 

The data processing .means 3 converts the image 
photographed by the digital camera 1 into a digital signal. 
The digital image signal and color characteristic data having 
the lookup table composed of only the characteristic points 
adapted to the color characteristic of the digital camera and 
an identifier indicating a table development method are 
synthesized by the synthesizer 4 into an image data format 
which is then transmitted to the color printer 10 . The 
structure of color characteristic data is shown in Fig. 6. 
Referring to Fig. 6, reference numeral 17 represents color 
characteristic data, 12 represents the LUT composed of only the 
characteristic points and 18 represents the identifier 
indicating a table development method. 

The structure of the image data format synthesized by 
the synthesizer 4 is shown in Fig . 7 . Reference numeral 19 
represents an image data format , 17 represents color 
characteristic data and 2 0 represents image data. 
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In the color printer 10 , the separator 11 performs 
separation into color characteristic data 17 and image data 20. 
Color characteristic data 17 is supplied to the table 
development means 13 , while image data 20 is supplied to the 
image-data converting means 15 . 

The operation of the table development means 13 will 
now be described. The table development means 13 develops the 
LUT 12 composed of only the characteristic points into the 
multidimensional LUT 14 by selecting a table development method 
suitable to the color characteristic of the digital camera 1 by 
the identifier 18 of color characteristic data 17. As 
described above , the multidimensional LUT 14 is a LUT composed 
of pairs of inputs and outputs at the grid points formed by 
equally dividing the input side axis. On the other hand, the 
LUT 12 composed of only the characteristic points is a LUT 
composed of the pairs of the relationship of the inputs and 
outputs which are determined to be impossible to be developed 
in the development process which is performed by the table 
development means 13. Therefore, the characteristic points are 
not always positioned on the grid points formed by equally 
dividing the input side axis. Therefore, the grid points 
formed by equally dividing the input side axis are made to be 
the inputs. Moreover, the LUT 12 composed of only the 
characteristic points is used to perform an operation for 
obtaining outputs so as to obtain the multidimensional LUT 14. 
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The process shown in Figs. 5A and 5B will now be 
described such that the LUT 12 composed of the characteristic 
point of one-dimensional inputs and one-dimensional outputs is 
taken as an example. Figs. 5A and 53 show a structure in which 
the relationship between inputs and outputs of grid points 
formed by dividing the input side axis into six portions is 
obtained. To obtain the relationship between the inputs and 
outputs of the grid points except for the characteristic 
points, interpolation is performed by using the adjacent 
characteristic points. The interpolation may be a known 
straight interpolation or spline interpolation. Fig. 5A shows 
a table development process employing the straight 
interpolation. Start points of arrows in the form of dashed 
lines indicating the correspondence between inputs and outputs 
of each grid point of the multidimensional LUT 14 are input 
values. Final points of the arrows are output values 
corresponding to the input values. Fig. 5B shows a table 
development process employing the spline interpolation. Start 
points of arrows in the form of dashed lines indicating the 
correspondence between inputs and outputs at the grid points of 
the multidimensional LUT 14 are input value. Final points of 
the arrows are output values corresponding to the input values . 
Thus, the multidimensional LUT 14 is produced by the process 
performed by the table development means 13 . Figs . 5A and 5B 
show the LUT 12 composed of the characteristic points of one- 
dimensional inputs and one-dimensional outputs. However, also 
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a LUT 12 composed of characteristic points of n-dimensional 
inputs and m-dimensional outputs enables the multidimensional 
LUT 14 to be obtained after a similar process has been 
performed. In this case, a complicated interpolation process 
must be performed as compared with the straight interpolation 
and the spline interpolation which are simple interpolations. 

Then, the image-data converting means 15 will now be 
described which performs the interpolation similarly to the 
table development means 13 except for the multidimensional LUT 
14 which is used by the image-data converting means 15. Since 
the multidimensional LUT 14 is composed of the grid points 
obtained by equally dividing the input side axis, retrieval of 
the table can easily be performed as compared with a process 
using the LUT 12. Moreover, the calculations for the 
interpolation can independently be performed for each axis . 
Therefore, data in a large quantity, such as image data 20, can 
quickly be converted. 

Input image data of the image-data converting means 15 
varies depending upon the type of the image input apparatus . 
Input image data is digital image signals, such as R, G and B 
signals of a scanner, R, G and B signals of a monitor, R, G and 
B signals of a CIE, X, Y and Z signals of the CIE or L, a and 
b signals of the CIE. On the other hand, output data of the 
image-data converting means 15 depends on the contents of the 
table development means 13, that is, the type of the image 
input apparatus. Output data above is R, G and B signals of a 
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scanner, R, G and B signals of a monitor, C, M and Y signals of 
a printer, R, G and B signals of a CIE, X, Y and Z signals of 
the CIE or L, a and b signals of the CIE. 

As described above, the first embodiment has the 
process for converting the LUT 12 having a smaller quantity as 
compared with the multidimensional LUT 14 and composed of only 
the characteristic points of the characteristic of the digital 
camera 1 into the multidimensional LUT 14 by the table 
development means 13. Therefore, the characteristic of the 
image input apparatus can be described by only the LUT 12 
having a small quantity and composed only the characteristic 
points . 

( Second Embodiment ) 

A second embodiment of the present invention will now 
be described. Fig . 8 is a diagram showing the structure of 
color characteristic data 17 according to the second embodiment 
of the present invention. Color characteristic data 17 is 
another example of color characteristic data 17 which is 
produced by the color characteristic description apparatus 2 
shown in Fig, 1. Reference numeral 17 represents color 
characteristic data according to the present invention. 
Reference numeral 12 represents a LUT which is an element of 
color characteristic data 17 and composed of characteristic 
points. Reference numeral 21 represents software which is an 
element of color characteristic data 17 and which performs a 
table development process. 
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The operation of a color management apparatus using 
color characteristic data 17 according to the second embodiment 
will now be described such that the first embodiment is taken 
as an example. The LUT 12 composed of only the characteristic 
points in color characteristic data 17 is employed as the LUT 
12 composed of only characteristic points in the color 
management apparatus 16 according to the first embodiment. 
Software 21 in the color characteristic data 17 for performing 
a table development process is loaded as software of the table 
development means 13 and executed so that the table development 
is performed. Thus , development to the multidimensional LUT 14 
is performed. Then, the image-data converting means 15 uses 
the multidimensional LUT 14 to convert input image data into 
output image data. 

As described above, the second embodiment has the 
structure that color characteristic data 17 is composed of the 
LUT 12 composed of only characteristic points and the software 
21 for performing the table development process. Therefore, 
the color management apparatus 16 incorporating the LUT 12 
composed of only the characteristic points according to the 
first embodiment can be operated such that the table 
development means 13 changes the development method to 
correspond to color characteristic data 17. 
( Third Embodiment ) 

A third embodiment of the present invention will now be 
described with reference to the drawings. Fig. 9 is a diagram 
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showing color characteristic data according to the third 
embodiment of the present invention. Color characteristic data 
according to this embodiment is another example of color 
characteristic data 17 which is produced by the color 
characteristic description apparatus 2 shown in Fig. 1. 
Reference numeral 17 represents color characteristic data 
according to the present invention. Reference numeral 12 
represents a LUT which is an element of color characteristic 
data 17 and which is composed of only characteristic points. 
Reference numeral 18 represents an identifier which is an 
element of color characteristic data 17 and which indicates a 
table development method. Reference numeral 22 represents 
software which is an element of color characteristic data 17 
and which performs the table development process. 

The operation of a color management apparatus using 
color characteristic data 17 according to the third embodiment 
will now be described. The LUT 12 which is included in color 
characteristic data 17 and which is composed of only 
characteristic points is used as the LUT 12 in the color 
management apparatus 16 according to the first embodiment , the 
LUT 12 being composed of only characteristic points. The 
identifier 18 indicating the table development method is used 
by a CPU (not shown) or the like which selects the development 
method to which the table development means 12 corresponds. If 
any corresponding table development method does not exist, 
software 22 in color characteristic data 17 for performing the 
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table development process is loaded as software for the table 
development means 13- Then, the table development means 13 
performs table development so that development into the 
multidimensional LUT 14 is performed. Then, the image-data 
converting means 15 uses the multidimensional LUT 14 to convert 
input image data into output image data. 

As described above, the third embodiment has the 
structure that color characteristic data 17 is composed of the 
LUT 12 which is composed of only characteristic points , the 
identifier 18 indicating the table development method and the 
software 22 for performing the table development. Therefore, 
the digital camera 1 according to the first embodiment and 
arranged to use the LUT 12 which is composed of only 
characteristic points is able to perform table development if 
an appropriate table development method exists. Even if any 
appropriate table development method does not exist, the 
software 22 for performing the table development is loaded to 
perform the table development. Thus, the digital camera 1 can 
be operated as described above. 
(Fourth Embodiment) 

A fourth embodiment of the present invention will now 
be described. Fig. 10 is a block diagram showing a color 
management apparatus 16 according to a fourth embodiment of the 
present invention. Reference numeral 16 represents a color 
management apparatus according to the present invention. 
Reference numeral 12 represents a LUT composed of only 
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characteristic points. Reference numeral 23 represents an 
image-data converting means for converting input image data 
into output image data by using the LUT 12 composed of only 
characteristic points. Input image data of the image-data 
converting means varies depending on the type of the image 
input apparatus. Input image data is digital image signals, 
such as R, G and B signals of a scanner, R, G and B signals of 
a monitor, R, G and B signals of a CIE, X, Y and Z signals of 
the CIE or L, a and b signals of the CIE . Output data depends 
on the contents (the type of the image input apparatus) of the 
LUT 12 composed of only characteristic points . Output data is 
R, G and B signals of a scanner, R, G and B signals of a 
monitor, C, M and Y signals of a printer, R, G and B signals of 
a CIE, X, Y and Z signals of the CIE or L, a and b signals of 
the CIE. 

The LUT 12 composed of only characteristic points is 
similar to the LUT 12 which is produced by the color 
characteristic description apparatus 2 of the image input 
apparatus 1 according to the first embodiment. Therefore, the 
LUT 12 is omitted from description. 

The image-data converting means 2 3 will now be 
described. Similarly to the image-data converting means 15 
according to the first embodiment, input image data is 
converted into output image data. The difference lies in that 
the LUT 12 composed of only characteristic points is used to 
perform the conversion process. Referring to Fig. 11, the 
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difference will now be described. An alternate long and short 
dash line shown in Fig. 11 indicates a process for performing 
the conversion process by using the multidimensional LUT 14. 
Arrows in the form of_ dashed lines indicate the 
multidimensional LUT 14 according to the first embodiment. A 
solid line shown in Fig. 11 indicates a conversion process 
using the LUT 12 composed of only characteristic points. When 
the conversion process is performed by using the 
multidimensional LUT 14, loss .of information of inputs and 
outputs indicated by the characteristic points is sometimes 
caused depending on a method of selecting the grid points in 
the multidimensional LUT 14. If the conversion process is 
performed by using the LUT 12 composed of only characteristic 
points, the loss of information of inputs and outputs indicated 
by the characteristic points can be prevented. 

As described above, the fourth embodiment is provided 
with the image-data converting means 23 which uses the LUT 12, 
the quantity of which is smaller than that of the 
multidimensional LUT 14. The LUT 12 is composed of only 
characteristic points of the color characteristic of a color 
device (an image input apparatus). Therefore, the 

characteristic of the device can be described by only the LUT 
12, the capacity of which is small and which is composed of 
only characteristic points. Moreover, loss of information 
indicated by the characteristic points of the characteristic of 



29 



the color device can be prevented when the process is 

performed . 

(Fifth Embodiment) 

A fifth embodiment of the present invention will now be 
described with reference to the drawings. Fig. 12 is a block 
diagram showing a color management apparatus according to the 
fifth embodiment of the present invention. Reference numeral 
16 represents a color management apparatus according to the 
present invention. Reference, numeral 12 represents a LUT 
composed of only characteristic points. Reference numeral 24 
represents a table development means for developing the LUT 12 
composed of only characteristic points into a multidimensional 
lookup table. The table development means 24 performs an 
operation which is different from that of the table development 
means 13 according to the first embodiment. Reference numeral 
25 represents a multidimensional LUT 25 which is operated 
differently from the multidimensional LUT 14 according to the 
first embodiment. Reference numeral 26 represents an image- 
data converting means which employs the multidimensional LUT 25 
to convert input image data into output image data. 

Input image data of the image-data converting means 26 
varies depending upon the type of the image input apparatus . 
Input image data is digital image signals, such as R, G and B 
signals of a scanner, R, G and B signals of a monitor, R, G and 
B signals of a CIE, X, Y and Z signals of the CIE or L, a and 
b signals of the CIE. On the other hand, output data depends 
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on the contents of the multidimensional LUT 25 (the type of the 
image input apparatus), that is, the type of the image input 
apparatus. Output data above is R, G and 3 signals of a 
scanner, R, G and B signals of a monitor, C, M and Y signals of 
a printer, R, G and B signals of a CIE, X, Y and Z signals of 
the CIE or L, a and b signals of the CIE. 

The LUT 12 composed of only characteristic points is 
similar to the LUT 12 produced by the color characteristic 
description apparatus 2 of the- digital camera 1 according to 
the first embodiment and composed of only characteristic 
points. Therefore, the LUT 12 is omitted from description. 

The table development means 24 will now be described. 
Similarly to the table development means 13 according to the 
first embodiment, the table development means 24 develops the 
LUT 12 composed of only characteristic points into a 
multidimensional lookup table. The difference lies in that 
development into the usual multidimensional LUT 14 according to 
the first embodiment is not performed. In this embodiment, 
development into a new multidimensional LUT 25 according to the 
present invention is performed. 

Initially, the new multidimensional LUT 25 will now be 
described. The multidimensional LUT 14 is a LUT which is 
composed of pairs of inputs and outputs at grid points formed 
by equal division as shown in Fig. 3. When the LUT 12 composed 
of only characteristic points is developed into the 
multidimensional LUT 14, loss of information of the 
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characteristic points is sometimes caused as described with 
reference to Fig. 11, The new multidimensional LUT 25 
according to the fifth embodiment is a multidimensional lookup 
table which is able to prevent loss of information of the 
characteristic points. Referring to Fig. 13, the new 
multidimensional LUT 25 will now be described. 

The new multidimensional LUT 25 is characterized in 
that grid points obtained by combining a plurality of division 
points is used* As a result , the characteristic points can be 
included in the grid points without exception. An assumption 
is made that the characteristic point is an input point having 
number 5. When all of equal division points are made to be 
grid points as shown in Fig. 3, a method may be employed in 
which points obtained by division into eight sections are made 
to be the grid points. According to the fifth embodiment, grid 
points are composed by combining division into four sections 
and that into eight sections, as shown in Fig. 13. That is, 
the grid points are formed by fine division in a region 
adjacent to the characteristic points. On the other hand, 
great division is performed to form the grid points in a region 
in which no characteristic point exists. As a result, the 
multidimensional LUT 25 can be realized which is capable of 
preventing enlargement of the volume of the LUT and loss of 
information of the characteristic points. Fig. 14 shows change 
of the multidimensional LUT 14 shown in Fig. 11 and according 
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to the first embodiment to the new multidimensional LUT 25 
according to the fifth embodiment. 

The table development means 24 develops the LUT 12 
composed of only characteristic points into the new 
multidimensional LUT 25. The table development means 24 
examines the relationships, such as the distances between the 
characteristic points and the grid points. Thus, the table 
development means 24 obtains grid points formed by combining a 
plurality of division points which contain the characteristic 
points without exception and with which the volume can be 
minimized so as to constitute the new multidimensional LUT 25. 
Since the multidimensional LUT 2 5 has the structure that the 
plurality of divisions are combined, information of the grid 
point distance (the distance in units of shortest distance 
among grid points of the input points ) to the adjacent grid 
point and adjacent grid point information of an interpolation 
method with respect to an adjacent grid point are 
simultaneously described. 

Figs. ISA and 15B show a data format for one grid point 
of the multidimensional LUT 14 and the 25. Fig. 15A shows a 
data format of one grid point of the multidimensional LUT 14, 
and Fig. 15B shows a data format of one grid point of the new 
multidimensional LUT 25. 

The image-data converting means 2 6 will now be 
described . Similarly to the image -data converting means 15 
according to the first embodiment, the image-data converting 
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means 26 converts input image data into output image data. The 
difference lies in that the new multidimensional LUT 2 5 is used 
to perform the conversion process. The new multidimensional 
LUT 2 5 includes LUT output data al and adjacent grid point 
information data a2 . Initially, input image data is used to 
obtain LUT data corresponding to grid points which are used in 
the new multidimensional LUT 25. The LUT data format a has "a 
structure as described with reference to Figs. 15A and 15B. In 
accordance with LUT output data al of the obtained grid point 
and LUT output data al of the adjacent grid point, 
interpolation information of adjacent grid point information 
data a2 and information of the distance between grid point are 
used to convert input image data into output image data. 

As described above, the fifth embodiment has the 
process for converting the LUT 12 which is composed of only 
characteristic points of the characteristic of the color device 
and the volume of which is small into the new multidimensional 
LUT 25. The table development means 24 performs the conversion 
into the new multidimensional LUT 25 with which loss of the 
characteristic points can be prevented and which has adjacent 
grid point information data a2 . Therefore, the LUT 12 composed 
of only characteristic points having a small volume is able to 
describe the characteristic of the device. Moreover, loss of 
information indicated by the characteristic points of the 
characteristic of the device can be prevented when a process is 
performed. 
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(Sixth Embodiment) 

A sixth embodiment of the present invention will now be 
described. Fig. 16 is a block diagram showing the overall 
structure of the sixth embodiment of the present invention. 
Reference numeral 1 represents a digital camera which is an 
image input apparatus . Reference numeral 2 represents a color 
characteristic description apparatus composed of a 
multidimensional LUT producing means 2b for producing a 
multidimensional LUT 14 by a known method of least squares in 
accordance with the color characteristic of the digital camera 
which has been measured by a colorimeter. Moreover, the color 
characteristic description apparatus 2 is composed of a 
compressed multidimensional LUT means 2d for compressing the 
multidimensional LUT 14 produced by the multidimensional LUT 
producing means 2b so as to produce a multidimensional LUT 27. 
The color characteristic description apparatus 2 produces color 
characteristic data having the multidimensional LUT 2 7 and an 
identifier 2 9 for identifying a restoring and repairing method 
of the multidimensional LUT 27. The structure of color 
characteristic data is shown in Fig. 17. 

Referring to Fig. 17, reference numeral 17 represents 
color characteristic data according to this embodiment. 
Reference numeral 27 represents the compressed multidimensional 
lookup table which is an element of color characteristic data 
17. Reference numeral 2 9 represents the identifier which is an 
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element of color characteristic data 17 and which identifies a 
repairing and restoring method. 

Reference numeral 3 represents a data processing 
portion for converting an image photographed by the digital 
camera into digital image data. Reference numeral 4 represents 
a synthesizer for synthesizing color characteristic data 17 
having the multidimensional LUT 27 and the identifier 2 9 
indicating the restoring and repairing method for the 
multidimensional LUT 2 7 and the image data 2 0 with each other 
so as to produce an image data format. 

The multidimensional LUT means 2d compresses the 
multidimensional LUT 14 by a known compressing method, for 
example, a compressing method which is able to perform 
reversible conversion, such as an adaptive coding method or a 
compression library management method (LHA) , or a FBTC method 
(refer to Japanese Patent Laid-Open No. 6-292027. By using the 
above-mentioned compressing method adaptable to image 
compression, the multidimensional LUT 14 is compressed. When 
the above-mentioned compressing method is employed, the volume 
of the multidimensional LUT 14 can be reduced. Thus, 
conversion into the multidimensional LUT 27 having all of 
information items which have been compressed can be performed. 

Reference numeral 10 represents a color printer which 
is an image output apparatus for printing an image photographed 
by the digital camera 1. Reference numeral 11 represents a 
separator for separating the image data format transmitted from 
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the digital camera 1 into image data 2 0 and color 
characteristic data 17. Reference numeral 27 represents a 
multidimensional LUT of color characteristic data 17 produced 
by the color characteristic description apparatus 2 . Reference 
numeral 2 8 represents a restoring means for restoring the 
multidimensional LUT 27 into the multidimensional LUT 14 by 
using an identifier for identifying a restoring and repairing 
method for color characteristic data. Reference numeral 14 
represents the restored multidimensional LUT. Reference 
numeral 15 represents an image-data converting means for 
converting input image data signal separated by the separator 
11 into an output signal by using the multidimensional LUT 14. 
The separator 11, the restoring means 28, the multidimensional 
LUT 14 and the image-data converting means 15 constitute the 
color management apparatus 16 . 

A signal transmitted from the color management 
apparatus 16 is processed in the color printer 10 so as to be 
printed, similarly to the conventional structure. 

Input image data of the image-data converting means 15 
varies depending upon the type of the image input apparatus . 
Input image data is digital image signals, such as R, G and B 
signals of a scanner, R, G and B signals of a monitor, R, G and 
B signals of a CIE, X, Y and Z signals of the CIE or L, a and 
b signals of the CIE. On the other hand, output data of the 
image-data converting means 15 depends on the contents of the 
multidimensional lookup table LUT 13 (the type of the image 
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input apparatus). Output data above is R, G and B signals of 
a scanner, R, G and B signals of a monitor, C, M and Y signals 
of a printer, R, G and B signals of a CIE, X, Y and Z signals 
of the CIE or L, a and b signals of the CIE. 

The restoring means 28 is a restoring method adaptable 
to the compressing method employed when the compressed 
multidimensional LUT 27 has been produced with the identifier 
29 indicating the restoring and repairing method of color 
characteristic data 17. Thus, the compressed multidimensional 
LUT 2 7 is restored to the multidimensional LUT 14. 

Since the image-data converting means 15 is structured 
similarly to that according to the first embodiment, the image- 
data converting means 15 is omitted from description. 

As described above, the sixth embodiment has the 
process for restoring the multidimensional LUT 27 formed by 
compressing the multidimensional LUT into the multidimensional 
LUT 14 by the restoring means 28. Therefore, the color 
characteristic of the device can be described by the compressed 
multidimensional LUT 2 7 having a small volume. 
(Seventh Embodiment) 

A seventh embodiment of the present invention will now 
be described. Fig. 18 is a diagram showing the structure of 
color characteristic data according to the seventh embodiment 
of the present invention. Reference numeral 2 7 represents a 
compressed multidimensional LUT which is an element of color 
characteristic data 17 . Reference numeral 30 represents 
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software which is an element of color characteristic data 17 
and which performs a restoring process. 

The operation of the color management apparatus 16 
which uses color characteristic data 17 according to the 
seventh embodiment will now be described such that the sixth 
embodiment is taken as an example. The compressed 

multidimensional LUT 27 in color characteristic data 17 is used 
as the compressed multidimensional LUT 27 in the color 
management apparatus 16 according to the sixth embodiment. 
Software 30 in the color characteristic data 17 for performing 
the restoring process is loaded as software for the restoring 
means 2 8 so as to be executed. Thus, table restoration is 
performed so that the multidimensional LUT 14 is restored. 
Then, the image-data converting means 15 uses the 
multidimensional LUT 14 so as to convert input image data into 
output image data . 

As described above, the seventh embodiment has the 
structure that color characteristic data 17 is composed of the 
compressed multidimensional LUT 27 and the software 30 for 
performing the restoring process. Therefore, the color 
management apparatus 16 according to the sixth embodiment and 
arranged to use the compressed multidimensional LUT 2 7 is able 
to change the restoring process, which is performed by the 
restoring means 28, to be adaptable to color characteristic 
data 17. Thus, the color management apparatus 16 can be 
operated as described above. 
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(Eighth Embodiment) 

An eighth embodiment of the present invention will now 
be described. Fig. 19 is a diagram showing the structure of 
color characteristic data according to the eighth embodiment of 
the present invention. Reference numeral 17 represents color 
characteristic data according to the present invention.. 
Reference numeral 27 represents a compressed multidimensional 
LUT which is an element of color characteristic data 17. 
Reference numeral 29 represents an identifier which is an 
element of color characteristic data 17 and which indicates a 
restoring method. Reference numeral 30 represents software 
which is an element of color characteristic data 17 and which 
performs the restoring process . 

The operation of a color management apparatus using 
color characteristic data 17 according to the eighth embodiment 
will now be described such that the sixth embodiment is taken 
as an example. The compressed multidimensional LUT 27 in color 
characteristic data 17 is used as the compressed 
multidimensional LUT 2 7 in the color management apparatus 16 
according to the sixth embodiment. A CPU (not shown) or the 
like uses the identifier 29 indicating the restoring method 
which is loaded as software for the restoring and developing 
means 28 to perform the restoring and developing process. The 
restoring and developing means 2 8 performs the restoring and 
developing process so that the table is restored. Thus, 
restoration to the multidimensional LUT 14 is performed. The 
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image-data converting means 15 uses the multidimensional LUT 14 
to convert input image data into output image data. 

As described above, the eighth embodiment has the 
structure that color characteristic data 17 is composed of the 
compressed multidimensional LUT 27, the identifier 29 
indicating the restoring method and software 3 0 for performing 
the restoring and developing process. Therefore , the color 
management apparatus 16 using the compressed multidimensional 
LUT 27 according to the sixth embodiment can be arranged such 
that an appropriate restoring process is performed if an 
appropriate restoring method exists in the restoring and 
developing means 28. If any appropriate restoring method does 
not exist, the software 30 for performing the restoring and 
developing process is loaded. Thus, the restoring process is 
performed to cause the color management apparatus 16 to be 
operated. 

( Ninth Embodiment ) 

A ninth embodiment of the present invention will now be 
described with reference to a drawing. Fig. 2 0 is a block 
diagram showing a color management apparatus according to the 
ninth embodiment of the present invention. Reference numeral 
16 represents a color management apparatus according to the 
present invention. Reference numeral 12 represents a lookup 
table LUT composed of only characteristic points . Reference 
numeral 13 represents a table development means for developing 
the LUT composed of only characteristic points into a 



41 



multidimensional lookup table. Reference numeral 14 represents 
a multidimensional LUT. Reference numeral 31 represents a 
table recording means for recording the multidimensional LUT 14 
in a memory (not shown) or the like. Reference numeral 32 
represents the recorded multidimensional LUT . Reference 
numeral 15 represents an image-data converting means for 
converting input image data into output image data by using the 
recorded multidimensional LUT 32. Reference numeral 33 
represents an update determining means for determining whether 
or not update to the lookup table LUT composed of only 
characteristic points has been performed. 

Input image data of the image-data converting means 15 
varies depending upon the type of the image input apparatus . 
Input image data is digital image signals, such as R, G and B 
signals of a scanner, R, G and B signals of a monitor, R, G and 
B signals of a CIE, X, Y and Z signals of the CIE or L, a and 
b signals of the CIE. On the other hand, output data depends 
on the contents of the contents of the multidimensional LUT 14 
(the type of the image input apparatus ), that is, the type of 
the image input apparatus . Output data above is R, G and B 
signals of a scanner, R, G and B signals of a monitor, C, M and 
Y signals of a printer, R, G and B signals of a CIE, X, Y and 
Z signals of the CIE or L, a and b signals of the CIE. 

The LUT 12 composed of only characteristic points, the 
table development means 13 and the multidimensional LUT 14 are 
structured similarly to those according to the first 
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embodiment. The table development means 13 is operated when 
the update determining means 33 has determined that the LUT 12 
composed of only characteristic points has been updated, for 
example r the type of the image input apparatus is different and 
therefore the color characteristic is different. 

The table recording means 31 is operated when the 
update determining means 3 3 has determined that the LUT 12 
composed of only characteristic points has been updated. The 
table recording means 31 records the developed multidimensional 
LUT 14 as the recorded multidimensional LUT 3 2 recorded in a 
memory or the like . 

The image-data converting means 15 is operated 
similarly to that according to the first embodiment. The 
difference lies in that the recorded multidimensional LUT 32 is 
employed as the LUT. The image-data converting means 15 is 
operated when input image data is supplied. 

As described above, the ninth embodiment has the 
structure that the table development means 13 and the table 
recording means 31 are operated when the update determining 
means 33 determines that the LUT 12 composed of only 
characteristic points has been updated. Therefore, image data 
can be converted in only a processing period of time of the 
image-data converting means 15 when the conversion is 
performed. Therefore, the conversion process can quickly be 
completed . 
(Tenth Embodiment) 
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A tenth embodiment of the present invention will now be 
described. The tenth embodiment of the present invention is 
characterized by a method of efficiently examining the 
characteristic points of a color device (an image input 
apparatus) when a LUT 12 composed of only characteristic points 
is produced. Fig. 21 is a graph showing the color 
characteristic of the color device for describing the tenth 
embodiment. The graph is expressed by using L*a*b color 
coordinate system regulated by International Illumination 
Association . The graph shows the color characteristic of a 
color device structured such that Ostep indicates white. The 
gradient of the color is raised in proportion to the number of 
the step. Highest color saturation is realized at 8step. A 
variety of colors are reproduced which are measured by a 
colorimeter, resulting as shown in Fig. 21. In the drawing, 
color indicated with a dashed line given name is the 
characteristic point according to the first embodiment. 

The foregoing colors are fundamental colors for the 
color device. The fundamental colors are colors realized by 
combining primary colors (RGB for a monitor and CMY (K) for a 
printer) for the color device. Figs. 22A to 22C show the 
fundamental colors. The fundamental color are classified into 
primary colors, secondary colors, . . . , n-order colors (n is the 
number of primary colors) by combining the colors. The signals 
of the various colors have the same sizes. Figs. 22A to 22C 
show the fundamental colors of the color device composed of 
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three primary colors, that is, RGB. The heights of the signals 
indicate the size of the primary color signals. The primary 
colors are red, green and blue, secondary colors are yellow, 
magenta and cyan and the tertiary color is gray. When a 
variety of color devices are examined, the fundamental colors 
of the color device are included in the characteristic points. 
That is, when the fundamental colors of the color device are 
selected, the characteristic points can be examined. 

As described above, the sixth embodiment has the 
structure that the fundamental colors composed by combining the 
primary colors of the color device having the same signal value 
are made to be the points indicating the relationships between 
inputs and outputs which are determined to be impossible to be 
developed in the table development process, that is, the 
characteristic points. Therefore, the characteristic points of 
the color device can efficiently be examined. 
(Eleventh Embodiment) 

An eleventh embodiment of the present invention will 
now be described with reference to the drawings . Referring to 
Fig. 23, reference numeral 11 represents a separator for 
separating an image data format transmitted from the digital 
camera 1 into image data 20 and color characteristic data 17. 
Reference numeral 16 represents a color management apparatus 
according to the eleventh embodiment . Reference numeral 12 
represents a LUT composed of only characteristic points. 
Reference numeral 13 represents a table development means for 
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developing the LUT 12 composed of only characteristic points 
into a multidimensional LUT 14. Reference numeral 14 
represents the multidimensional LUT developed by the table 
development means 13. Reference numeral 34 represents an ICC 
profile converting means. Reference numeral 35 represents an 
ICC profile. Reference numeral 36 represents an image-data 
converting means using the ICC profile 35. 

Fig. 24 is a diagram showing the structure of color 
characteristic data 17 for use - in the eleventh embodiment of 
the present invention, data being produced by the color 
characteristic description apparatus 2 according to the first 
embodiment. Reference numeral 17 represents color 

characteristic data according to the present invention. 
Reference numeral 12 represents a LUT which is an element of 
color characteristic data 17 and which is composed of only 
characteristic points. Reference numeral 18 represents an 
identifier which is an element of color characteristic data 17 
and which indicates a table development method. Reference 
numeral 21 represents software which is an element of color 
characteristic data 17 and which performs the table 
development. Reference numeral 37 represents software for 
converting a multidimensional LUT subjected to the table 
development process Into a known ICC profile. 

The operation of the eleventh embodiment will now be 
described with reference to Figs. 23 and 24. The LUT 12 
included in color characteristic data 17 and composed of only 
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characteristic points is used as the LUT 12 included in the 
color management apparatus 16 shown in Fig. 2 3 and composed of 
only characteristic points. The table development means 13 
uses the identifier 18 indicating the table development method 
to cause a CPU (not shown) or the like to select a table 
development method. If a corresponding table development 
method does not exist, the software 21 included in color 
characteristic data 17 and arranged to perform the table 
development is loaded as software for the table development by 
the table development means 13. Then, the table development 
process is performed so that the table development is carried 
out. Thus, development to the multidimensional LUT 14 is 
performed. Then, software 37 for converting the 

multidimensional LUT 14 subjected to the table development 
process into a known ICC profile by the ICC profile converting 
means 34 is loaded and executed. Thus, conversion into the 
known ICC profile 35 is performed. Then, the image-data 
converting means 36 uses the ICC profile 35 to perform the 
image data conversion process so that input image data is 
converted into output image data. 

As described above , the eleventh embodiment has the 
structure that color characteristic data 17 is composed of the 
LUT 12 composed of only characteristic points, the identifier 
18 indicating the table development method, the software 21 for 
performing the table development process and the software 37 . 
Therefore, the color management apparatus 16 using the LUT 12 
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according to the first embodiment and composed of only 
characteristic points is able to perform the table development 
process by an appropriate table development method if the 
appropriate method exists in the table development means 13. 
If no appropriate table development method exists, the software 
21 for performing the table development process is loaded so 
that the table development process is performed. Thus, the ICC 
profile can be converted. Thus, the image conversion color 
management apparatus can be operated with the ICC profile. 
(Twelfth Embodiment) 

A twelfth embodiment of the present invention will now 
be described. Referring to Fig. 25 , reference numeral 11 
represents a separator for separating an image data format 
transmitted from the digital camera 1 into image data 2 0 and 
color characteristic data^ 17 . Reference numeral 27 represents 
a compressed multidimensional LUT of color characteristic data 
17 produced by the color characteristic description apparatus 
2. Reference numeral 2 8 represents a restoring means for 
restoring the compressed multidimensional LUT 27 into the 
multidimensional LUT 14 by using the identifier 2 9 indicating 
the restoring and repairing method for color characteristic 
data. Reference numeral 14 represents a multidimensional LUT 
restored by the restoring means 28. Reference numeral 34 
represents an ICC profile converting means for converting the 
multidimensional LUT 14 into an ICC profile. Reference numeral 
35 represents the ICC profile converted by the ICC profile 
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converting means. Reference numeral 36 represents an image- 
data converting means for converting an input image data signal 
separated by the separator 11 into an output signal. 

Fig. 26 is a diagram showing the structure of color 
characteristic data 17 for use in the twelfth embodiment of the 
present invention, color characteristic data 17 being produced 
by, for example, the color characteristic description apparatus 
2 according to the sixth embodiment. Reference numeral 17 
represents color characteristic- data according to the present 
invention. Reference numeral 2 7 represents a compressed 
multidimensional LUT which is an element of color 
characteristic data 17. Reference numeral 29 represents an 
identifier which is an element of color characteristic data 17 
and which indicates a restoring method. Reference numeral 30 
represents software which is an element of color characteristic 
data 17 and which performs the restoring process . Reference 
numeral 37 represents software for converting the 
multidimensional lookup table subjected to the table 
development process into a known ICC profile. 

The operation of the twelfth embodiment will now be 
described with reference to Fig. 25. The compressed 

multidimensional LUT 27 in color characteristic data 17 is used 
as the multidimensional LUT 2 7 in the color management 
apparatus 16 shown in Fig. 25. The restoring means 2 8 uses the 
identifier 2 9 indicating the restoring method to cause a CPU 
( not shown) or the like to select a restoring method . If a 
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corresponding restoring method does not exist, the software 30 
contained in color characteristic data 17 and arranged to 
perform the restoring process is loaded as the software for the 
restoring process* Then, the restoring means 28 performs the 
restoring process so that the table is restored . Thus , 
restoration to the multidimensional LUT 14 is performed. Then, 
the software 37 for causing the ICC profile converting means 34 
to convert the multidimensional LUT 14 subjected to the 
restoring process into the known ICC profile is loaded and 
executed. Thus, conversion into the known ICC profile 35 is 
performed. Then, the image-data converting means 36 uses the 
ICC profile 35 to perform an image data conversion process. As 
a result, input image data is converted into output image data. 

As described above, the twelfth embodiment has the 
structure that color characteristic data 17 is composed of the 
compressed multidimensional LUT 2 7 , the identifier 2 9 
indicating the restoring method, the software 30 for performing 
the restoring process and the software 37. Therefore, the 
color management apparatus 16 according to the sixth embodiment 
and arranged to use the compressed multidimensional LUT 27 is 
able to perform an appropriate process if an appropriate 
restoring method exists. If no appropriate method exists, the 
software 30 for performing the restoring process is loaded so 
that the restoring process is performed. Then, the software 3 7 
for performing conversion into the ICC profile is able to 
perform the conversion into the ICC profile. Thus, even a 
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color management apparatus for converting an image with the ICC 
profile can be operated. 
(Thirteenth Embodiment) 

A thirteenth embodiment of the present invention will 
now be described with reference to the drawings . The 
thirteenth embodiment has a structure constituted by separating 
the color management apparatus 16 from the image output 
apparatus 10 so that an independent image converging apparatus 
is formed. Fig. 2 7 is a flow chart of data in the image 
converging apparatus according to the thirteenth embodiment of 
the present invention. Reference numeral 38 represents image 
data format (1) of color characteristic data 17 and image data 
20 which are input to the image converging apparatus. 
Reference numeral 39 represents an image data format (2) of 
color characteristic data 17a and image data 20a after the 
image converting apparatus has converted image data 20. 
Reference numeral 40 represents the image converting apparatus 
according to the thirteenth embodiment. 

The shape of the image data format (1) 38 and that of 
the image data format (2) 39 are similar to those shown in Fig. 
7 . 

The operation will now be described . Image data 2 0 
input to the image converting apparatus 40 in the form of the 
image data format 38 is subjected to a process, which is 
performed by the color management apparatus 16, by the image 
converting apparatus 40 by using color characteristic data 17 
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corresponding to image data 31. Then, converted image data 
20a and color characteristic data 17a adaptable to converted 
image data 2 0a are added to each other so that data above is 
transmitted in the form of the image data format 39. 

As described above, the thirteenth embodiment has the 
structure that the image converting apparatus 40 uses color 
characteristic data 17 corresponding to image data 2 0 to 
perform the process of image data 20, which is performed by 
each color management apparatus 16 and which is input to the 
image converting apparatus 4 0 in the form of the image data 
format 38. Then, converted image data 20a and color 
characteristic data 17a adaptable to converted image data 2 0a 
are added to each other so as to be transmitted in the form of 
the image data format 39. Therefore, converted image data 2 0a 
and color characteristic data 17a adaptable to image data 20a 
always exist in the form of a pair- Thus, the following color 
process can efficiently be performed. 

The color management apparatus 16 is separated from the 
image output apparatus 10 so as to be the image converting 
apparatus 40. Therefore, even an image output apparatus 10 
which does not incorporate the color management apparatus 16 is 
able to process image data processed by the color 
characteristic description apparatus to transmit data as an 
image when an output of the image converting apparatus 4 0 is 
input . 
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When the image converting apparatus 4 0 is connected to 
a plurality of image output apparatuses 10, the image 
converting apparatus 40 can be shared. 
(Fourteenth Embodiment) 

A fourteenth embodiment of the present invention will 
now be described with reference to the drawings. Fig. 2 8 is a 
flow chart of data in an image converting apparatus according 
to the fourteenth embodiment of the present invention. 
Reference numerals 38 and 39 represent the image data format 
(1) and the image data format (2) according to the thirteenth 
embodiment. Reference numeral 4 0 represents an image 

converting apparatus according to the fourteenth embodiment. 
The image converting apparatus 40 includes a plurality of color 
characteristic data items 17 in the forms shown in Figs. 16 , 
Figs. 17 to 19 and Figs. 21 to 24 and having different color 
characteristics . 

The operation will now be described. Image data 2 0 
input to the image converting apparatus 40 in the form of the 
image data format 32 is processed by the image converting 
apparatus 40, The process, which is performed by each of the 
color management apparatus 16, is performed by using color 
characteristic data 17 corresponding to image data 2 0 and color 
characteristic data 17 in the image converting apparatus 4 0 
selected by a CPU (not shown) or the like. Also color 
characteristic data 17 in the image converting apparatus 40 
includes color characteristic data included in the image data 
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format (1). When the CPU selects color characteristic data 
suitable to a purpose, a process except for the process 
regulated by the image data format (1) can be performed. 
Converted image data 20a and color characteristic data 17 
suitable to converted image data 2 0a are added to each other so 
that data is transmitted in the form of the image data format 
39. 

As described above, the fourteenth embodiment has the 
structure that the image converting apparatus 40 performs the 
process which is performed by each color management apparatus 
16. The image converting apparatus 40 processes image data 20 
input to the image converting apparatus 40 in the form of the 
image data format 38 by using color characteristic data 17 
corresponding to image data 20 and color characteristic data 
17b in the image converting apparatus 40 selected by a CPU (not 
shown) or the like. Thus, a portion except for converted image 
data 20a and color characteristic data 17a suitable to 
converted image data 20a is included. Since data is output in 
the form of the image data format 39, conversion into image 
data having various color characteristics by the number of 
color characteristic data 17b included in the image converting 
apparatus 4 0 can be performed. 

When color characteristic data is formed into data 
including information about a light source, a single image 
reproducing apparatus connected as a next apparatus is able to 
reproduce images by dint of different light sources. 
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Although the foregoing embodiments are structured to 
convert color image data, the present invention may be applied 
to image data having a single halftone color. 

As described above, according to the first aspect of 
the present invention, color characteristic data is composed of 
a LUT composed of only characteristic points. Therefore, the 
color management apparatus using the LUT composed of only 
characteristic points to convert input image data into output 
image data is able to obtain precise color characteristic data 
without enlargement of the volume of color characteristic data. 
Thus, the operation of the color management apparatus can 
appropriately be performed. 

The second aspect of the present invention has the 
structure that the fundamental colors constituted by combining 
primary colors of a color device having the same signal value 
are made to be the points indicating the relationships between 
inputs and outputs which are determined to be impossible to be 
developed in the table development process, that is, the 
characteristic points. Therefore, an effect can be obtained in 
that the characteristic points of a color device can 
efficiently be examined. 

The third aspect of the present invention has the 
structure that color characteristic data is composed of the LUT 
composed of only characteristic points and the identifier 
indicating the table development method. Therefore, the 
operation of a color management apparatus using the LUT 
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composed of only characteristic points and arranged to convert 
input image data into output image data can appropriately be 
performed. 

A fourth aspect of the present invention has the 
structure that color characteristic data is composed of the LUT 
21 composed of only characteristic points and the software for 
performing the table development process. Thus, an effect can 
be obtained in that the table development process of the color 
management apparatus using the LUT composed of only 
characteristic points and arranged to convert input image data 
into output image data can be changed to correspond to color 
characteristic data . 

The fifth aspect of the present invention has the 
structure that color characteristic data is composed of the LUT 
composed of only characteristic points, the identifier 
indicating the table development method, the software for 
performing the table development process and the ICC profile 
converting software. Therefore, the color management apparatus 
using the LUT composed of only characteristic points and 
arranged to convert input image data into output image data is 
able to perform an appropriate table development process if the 
appropriate table development method exists. If no appropriate 
table development method exists, the software for performing 
the table development process is loaded to perform the table 
development process. Then, conversion into the ICC profile can 
be performed. Therefore, an effect can be obtained in that 
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even a color management apparatus for converting an image with 
the ICC profile can be operated. 

The sixth aspect of the present invention has the 
structure that color characteristic data is composed of the 
compressed multidimensional LUT and the identifier indicating 
a restoring method. Therefore , an effect can be obtained in 
that the operation of the color management apparatus using the 
compressed multidimensional LUT and arranged to convert input 
image data into output image data can appropriately be 
performed- 

The seventh aspect of the present invention has the 
structure that color characteristic data is composed of the 
compressed multidimensional LUT and the software for performing 
the restoring process. Therefore, an effect can be obtained in 
that the color management apparatus using the compressed 
multidimensional LUT and arranged to convert input image data 
into output image data can be operated such that the restoring 
process is changed to correspond to color characteristic data. 

The eighth aspect of the present invention has the 
structure that color characteristic data is composed of the 
compressed multidimensional LUT, the identifier indicating a 
restoring method, the software for performing the restoring 
process and the ICC profile converting software. Therefore, an 
effect can be obtained in that the color management apparatus 
using the compressed multidimensional LUT and arranged to 
convert input image data into output image data is able to 
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perform an appropriate restoring process if the appropriate 
restoring method exists. If appropriate restoring method does 
not exist, the software for performing the restoring process is 
loaded to perform the restoring process. Then, conversion into 
the incorporate can be performed. Thus, the color management 
apparatus for converting an image with the ICC profile can be 
operated. 

The ninth and sixteenth aspects of the present 
invention incorporate the image data converting apparatus which 
uses the LUT, the volume of which is smaller than the 
multidimensional LUT and which is composed of only 
characteristic points of the color characteristic of a color 
device so as to directly convert an image signal. Therefore, 
an effect can be obtained in that the characteristic of the 
device can be described with the LUT having a small volume and 
which is composed of only characteristic points. Moreover, 
loss of information indicated by the characteristic point of 
the characteristic of the color device can be prevented. Thus, 
all of information can be processed. 

The tenth aspect of the present invention incorporates 
the process for converting the LUT having a small volume as 
compared with a multidimensional LUT and composed of only 
characteristic points of the characteristic of a color device 
into the multidimensional LUT by the table development process. 
Therefore, an effect can be obtained in that the color 
management apparatus can be operated by only the LUT having a 
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small volume and composed of only characteristic points of the 
characteristic of the device. 

The eleventh aspect of the present invention has the 
process for converting the LUT having a small value and 
composed of only characteristic points of the characteristic of 
a color device into a new multidimensional LUT having data of 
information about adjacent grid points for preventing loss of 
characteristic points. Therefore, an effect can be obtained in 
that the characteristic of the device can be described by only 
the LUT having a small volume and composed of only 
characteristic points. Moreover, all of information items 
indicated by the characteristic points of the characteristic of 
the color device can be processed. 

The twelfth aspect of the present invention has the 
structure that information of the distances between grid points 
and the interpolation method about the adjacent grid points in 
the multidimensional lookup table is described together with 
LUT output data. Therefore, different interpolation methods 
can be employed for each small region composed of the adjacent 
grid points. Thus, an effect can be obtained in that an 
accurate interpolation process can be performed. 

The thirteenth aspect of the present invention has the 
restoring process for restoring a compressed multidimensional 
LUT formed by compressing a multidimensional LUT to the 
multidimensional LUT. Therefore, an effect can be obtained in 
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that the color characteristic of the device can be described 
with the compressed multidimensional LUT having a small volume. 

The fourteenth aspect of the present invention has the 
structure that the table development process and the table 
recording process are performed when the lookup table LUT 
composed of only characteristic points has been updated. 
Therefore, when image data is converted, the conversion of 
image data can be completed in only the processing period of 
time of the process for converting image data. Therefore, an 
effect can be obtained in that the conversion process can 
quickly be completed. 

The fifteenth aspect of the present invention has the 
structure that the image converting apparatus performs the 
process of the color management apparatus. That is, the image 
converting apparatus subjects image data which is input to the 
image converting apparatus in the form of the image data format 
to the process by using color characteristic data corresponding 
to image data and color characteristic data in the image 
converting apparatus selected by the CPU (not shown) or the 
like. Then, converted image data and color characteristic data 
adaptable to converted image data are added to each other so as 
to be transmitted in the form of the image data format. 
Therefore, selection of the CPU (not shown) enables conversion 
into image data having a variety of color characteristics to be 
performed. Moreover, an effect can be obtained in that also 
the color characteristic of converted image data can be 
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described and thus the following color process can efficiently 
be performed. 
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